Brachial plexus injury in adults is commonly caused by motorcycle accidents. surgical management consists of nerve repair and nerve grafting for extraforaminal nerve root or trunk injury,and of neurotization or nerve transfer for nerve roots avulsion. in general, the results regarding restoration of shoulder and elbow function are good but reinnervation of the forearm muscles is less than safisfactory in respect to restoration of hand function. functioning free muscle transfer in combination with selective nerve transfer is areasonable alternative surgical procedure.
Open injuries may be caused by avariety of instruments and missiles, and may be accompanied by lifethreatening, vascular or intrathoracic lesions. Open injuries usually constitute only afraction of all cases in our series, and were mostly caused by civilian gunshots.
Closed injuries, on the other hand, areg enerally caused by vehiclea ccidents, usually by falls from motorcycles (2,3). Although automobile accidents do account for some of these injuries, the most common mechanism is traction stress on the plexus nerves as the motor cyclist falls to the ground and the head and shoulder aref orced apart. The patient may,a tt he same time, sustain ahead injury which may obscure the presence of the plexus injury.Indeed, acombination of the two injuries is not uncommon. Another common mechanism is traction on the arm, especially when the arm is caught and pulled into the machine. Although the stress on the plexus in these two situations is basically the same, therea re differences regarding the duration of the stress on the plexus and the relative position of the arm, face, and head at the time of stress; these circumstances make profound differences in the type and location of the lesions. The extent of injury may vary tremendously,fromtemporary paresis to complete avulsion of the spinal nerves from the cordorrupturewithin the substance of the plexus in the neck. It is of critical importance to be able to define the various degrees of injury so as to
INTRODUCTION
The treatment of injuries to the brachial plexus is a demanding field of hand and upper extremity surgery.The surgeon needs to master not only extensive knowledge of anatomy,but also peripheral nerve surgery and microsurgery.Although surgery on the brachial plexus has been performed for centuries, successful surgical repair of the brachial plexus was reported only in the early 1900's (1). Since then, brachial plexus surgery has evolved and improvements in optics, electrodiagnostic equipments, nuclear magnetic imaging, surgical instruments and suturem aterial have revitalized the field with the emergence of microsurgery.
Injury of brachial plexus in adults may be classified either by anatomical location, etiology,orclinical presentation. In my opinion, it is sensible to divide the injuries into two categories, "open" and "closed". formulate ap rognosis and treatment plan for these supraclavicular injuries.
MANAgEMENT PlAN
Treatment should be conservative for patients who have recovered spontaneouslyw ithin the firstf ew week after the trauma. Recovery follows asequential pattern in older patients.
Operative treatment is indicated for patients who have an associated vascular lesion. Immediate repair, when feasible, is ab etter therapeutic approach than delayed repair for two reasons. First, it enables endto-end sutureo rs hort grafting, which may be difficult or impossible if the nerve is allowed time to retract. Second, fibrosis resulting from the first procedurew ould otherwise make dissection difficult and increase the risk of injury to the vascular graft.
If the injury is not associated with vascular lesions; sharp wounds, in which ad iscrete nerve lesion can be expected, exploration and repair of the divided neural elements should be undertaken as soon as the patient's condition permits.
The patient with aroot avulsion injury should undergo surgery within the first few months after the injury.Aclosed injury without evidence of root avulsion should be treated by surgery,i ft herei sn os ign of recovery within 6m onths. Sometimes surgeons may be forced to operate on patients with severe pain; the outcome in this group of patients is usually unpredictable (4).
NERvE REPAIR AND NERvE gRAFTINg
Nerve repair is indicated for the treatment of open wounds with clean transection of apart of the plexus, if the proximal and distal stumps can be clearly identified.
Nerve grafting is indicated in cases of loss of continuity,e ither caused by sharp or traction injury at the level of the spinal nerve trunks, or by cords or lesions in continuity.S ince it remains doubtful whether useful regeneration can occur in ar easonable time, neuromas should be resected.
After the proximal and distal stump have been properly resected and prepared, ad irect suturei s usually impossible. This is due to fibrosis and shrinkage which follows even clean transection. Continuity is restored by nerve grafting.
If the defect is short, continuity is restored by interposing segments of cutaneous nerves as free grafts to cover the cross-sectional area completely.K nowledge about the intraneural topography is applied and anatomical coaptation between the nerve fibers in the proximal and distal stump should be attempted. For example, if thereisadefect between C 5 and C 6 proximally and in the upper trunk distally,t he nerve grafts connected with C 5 arec onnected to the distal stump withthe part of the cross-sectional surface that forms the posterior division; the nerve grafts connected to C 6 arecoapted with the portion that corre-sponds to the anterior division.
With longer defects this approach seems to be impractical because thereisnot enough autologous donor nerve graft available to restorec ontinuity to all parts of the plexus, and fiber exchange within certain segments of the brachial plexus is high, and thus therei sah igh possibility of nerve fiber loss due to the deviation of regenerating axons. From these points of view,itismorepractical and has proven to be mores uccessful to connect proximal stumps directly with well-defined distal stumps, or,asismost often the case, with peripheral nerve. For instance, if thereisadefect between C 5 and C 6 and the posterior or lateral cords, it is best to overcome the longer distance, using longer grafts, in order to connect the proximal stump of C 6 directly to the musculocutaneous part of the lateral cord. Then the regenerating fibers go directly to the musculocutaneous nerve and provide innervation to the biceps muscle.
The same strategy is applied to all the nerves that control important functions of the upper extremity.
In brachial plexus paralysis, the most important function is elbow flexion, and thus renervation of the musculocutaneous nerve has the highest priority.The restoration of shoulder control comes next, and therefore the suprascapular and axillary nerves are next on the renervation list, to be followed by renervation of the median nerve to restored igital sensibility and forearm flexor function, and the radial nerve for elbow extensor,w rist extensor and finger extensors. Muscles innervated by the ulnar nerve arelast on the priority list, not because they areu nimportant, but because the chance of recovery of intrinsic muscle function is minimal.I nm yp ractice, an attempt to renervate the ulnar nerve in complete brachial plexus injury has been abandoned. The ulnar nerve is frequently used as nerve graft (4).
DONOR NERvE
• The sural nerves of both legs areu sually the best source of graft material. With the patient on his back, his leg is elevated, and al ongitudinal incision is made from the back of lateral malleolus towardt he popliteal fossa. The sural nerve can then be harvested. It is up to 30 cm long. • The medial cutaneous nerve of the ipsilateral side is also used. • The ulnar nerve is available as anerve graft in case of root avulsion of C 8 and T 1 .Infreenerve grafting, the ulnar nerve should be divided longitudinally under am icroscope into fascicle groups and used as individual nerve grafts for better revascularization. The nerve can be transferred as ap edicle nerve graft or as afreevascularized nerve with the same pedicle.
RESUlT
In supraclavicular lesions, whereparalysis affects the upper roots, nerve grafting provides very good (75%) results. Involvement of the upper trunk or the C 5-6 roots in the interscalene region is afavorable setting for nerve repair or grafting. The results of reinnerva-tion of the proximal muscle of the shoulder and elbow arem uch better than what may be gained by various palliative operations. Injury to middle and lower roots carries apoor outcome prognosis. In infraclavicular lesions, the results of nerve grafting in lesions relatively close to the innervated muscle, i.e., the musculocutaneous nerve, areg enerally good. Asatisfactory recovery in 70-80% of cases can be expected.
Ther esults of grafting median, radial and ulnar nerves in lesions distant from the innervated muscle, i.e., the lateral and medial cord, arev ariable. Reinnervation of the wrist and the digital flexor and extensor can be expected in 50-60% of cases but no reinnervation of the intrinsic muscles of the hand. Sensory renervation of the median nerve area can be expected in 70-80% of cases.
NEUROTIzATION
Neurotization is indicated in root avulsion injuries of the brachial plexus. In general, neurotization means reinnervation of ad enervated motor or sensory end organ. Theoretically,t herea re five possibilities for neurotization: musculomuscular,c utaneocutaneous, neurocutaneous, neuromuscular,a nd neuroneural. Only neuroneural and neuromuscular neurotization have been used to treat traumatic lesions of the brachial plexus. The first documented attempt at neuroneural neurotization dates back to 1873 when letievant proposed an end-to-side coaptation of the distal stump of an irreparable nerve to an earby healthy nerve. In 1903, Harris and low reported the first attempt at intraplexal neurotization by implanting the distal stump of the ruptured C 5 spinal nerve into the healthy C 6 spinal nerve (5). Tuttle in 1913 introduced the method of extraplexal neurotization. He neurotized ar uptured upper trunk with branches of the uninjured deep cervical plexus. Since then, different types of neuroneural neurotization have been used. Yeoman and Seddon, in 1963, first reported intercostal neurotization for the restoration of elbow flexion (6). His technique was later modified and popularized by Tsuyama, Hara, and Nagano (7, 8). Brunelli popularized the use of the motor branch of the deep cervical plexus as ad onor for neurotization and the method of neuromuscular neurotization. Allieu, Narakas, and Songcharoen successfully used spinal accessory neurotization on various recipients (8-11). In 1989, gu first reported the use of the phrenic nerve as ad onor for motor neurotization of the brachial plexus lesion (12) . He later reported the contralateral C 7 nerve root transfer for the brachial plexus root avulsion in 1992 (13) .
PRINCIPlES OF NEUROTIzATION AND BASIC CONSIDERATIONS
Although the method of neurotization has been widely used for decades, the results have, in general, been less reliable than nerve grafting. At present neurotizations areconsidered to be the last alternative to restoret he functions of the brachial plexus injured limb that cannot be operated on by other methods of neural repair.I no rder to maximize the functional outcome of the patient, the following factors should be considered :
1N eurotization involves sacrificing the donor nerve to restoret he recipient nerve or muscle function. The expected function gain to the affected limb must exceed the expected function loss. 2R estoration of motor or sensory function can be accomplished by neurotization. Theoretically, transferring ap urem otor donor nerve to am otor recipient nerve will give the best result of motor neurotization, e.g., spinal accessory -suprascapular neurotization, deep cervical plexus -suprascapular neurotization. However,n ot all of the available donor nerves arep urely motor.S ome donors such as the intercostal nerve, which is one of the most widely used donor nerve, contains as ignificant amount of sensory fibers. In this instance its motor rami should be identified prior to connection to the motor recipient. The method of identification includes intraoperative electrical stimulation, topographical dissection from the motor end plate towards the proximal trunk, and histochemical staining.
The number and type of donor nerve fascicles should stand in good proportion to, or if possible, match, the requirement of the recipient nerve. If the donor fascicle is inadequate, this will jeopardize the functional result of the reinnervated organ. Acommonly used donor nerve, such as the intercostal nerve, contains approximately 1300 myelinated nerve fibers, and the spinal accessory nerve 1700 fibers.
Concerning the recipient side, the musculocutaneous nerve contains approximately 6000 fibers, the suprascapular nerve 3500 fibers, the axillary nerve 6500 fibers, the median nerve 18000 fibers, the ulnar nerve 16000 fibers, and the radial nerve 19000 fibers. Assuming that therei sn ol oss of axonal sprouts at the suturesite or in the nerve pathway,anideal motor neurotization of the musculocutaneous nerve which has 60% motor fiber wound requires 2s pinal accessory nerves or 5intercostal nerves. However,in clinical situations only 1s pinal accessory nerve or 2 intercostal nerves aren eeded to reinnervate the biceps to afunctional level (MRC grade III or more) in 70% of the cases. This phenomenon is partly due to an increasing number of nerve fibers from the proximal stump at the sutures ite. This compensatory mechanismo fc ollateral sprouting can produce an excess of approximatey 30% nerve fibers traveling to the distal stump of the nerve. Nevertheless, asignificant discrepancy between proximal and distal nerve segments still remains in extra plexal neurotization, and am eticulous exploration of the whole plexus must be made in order to identify the lesion in the proximal part. If the lesion is extraforaminal, the uninjured nerve fibers in the remaining roots can be used as an intraplexal donor for neurotization. In general, the number of surviving axons in these roots is far greater than the number in all other extraplexal donors.
Neurotization to ar ecipient at the peripheral part of the plexus, such as the musculocutaneous nerve, the suprascapular nerve, or the axillary nerve, is more effective than to ar ecipient in the central part, such as the posterior cordorthe lower trunk. In the latter instance, the donor fibers ared ispersed through branches to several nerves. Scattering of donor fibers over alarge area not only makes neurotization insufficient but alsoc auses simultaneous contraction of antagonistic muscles.
The use of nerve fibers from the same donor (C 5 , C 6 )orseveral donors with thesamefunction (e.g., 3 rd , 4 th ,5 th ,6 th intercostal nerves) to neurotize several recipients must be well planned in order to avoid antagonistic co-contraction. If two intercostal nerves are neurotized to the musculocutaneous nerve to restore elbow flexion, the other intercostal nerves should not be connected to the radial nerve which controls elbow extension.
Motor neurotization should not be aimed towards the restoration of complicated functions. Since most of the available donor nerves control relatively simple functions of shoulder elevation or thorax expansion, it is impractical to use them to control sophisticated hand functions. Apart from several peripheral factors, the success of motor neurotization depends largely on the convertibility of the donor neurons to the new functions (3). The spinal accessory or eleventh cranial nerve arises from two separate origins, the cranial part and the spinal part. Only the spinal portion of the nerve is used for neurotization of the brachial plexus. This portion of the nerve is purely motor.I ts upplies the sternocleidomastoid and trapezius muscle. Even though the trapezius muscle is dually innervated, the spinal accessory nerve should be transected for neurotization after it gives of the first one or two branches in order to minimize denervation of the trapezius muscle. At this level, the spinal accessory nerve usually contains 1300 to 1600 myelinated nerve fibers (3).
In the author's experience with 577 spinal accessory neurotizations, useful motor recovery (MRC grade III or more) after spinal accessory nerve transfers to the suprascapular,musculocutaneous and axillary nerve has as uccess rate of 80%, 74% and 60%, respectively.
The spinal accessory nerve can be directly transferred to the suprascapular nerve without intermediate nerve grafting. Successful spinal accessory suprascapular neurotization provides usually shoulder abduction of 70 degrees, flexion of 60 degrees, and external rotation of 30 degrees. The musculocutaneous nerve is almost an equally good recipient. Its main drawback is, first, that interposition of the nerve graft is needed. The other drawback is the mixtureof both motor and sensory fibers within the same recipient. To prevent the motor fiber loss, amuch longer intermediate graft is needed between the spinal accessory nerve and the motor branch of the musculocutaneous nerve. The other alternative is ad irect neuromuscular neurotization of the lateral cutaneous nerve of the forearm to the biceps muscle (14) . The best result in the author's series of aspinal accessory musculocutaneous neurotization allowed apatient to lift aw eight of 5k gt o9 0d egrees of flexion at the elbowand 2kgto90degrees of flexion for100 times. For restoration of shoulder abduction the spinal accessory axillary neurotization is am oderately good alternative for spinal accessory suprascapular neurotization. The patient can have 60 degrees of shoulder abductionand 45 degrees of flexion withoutexternal rotation. An intermediate nerve graft is also needed (11) .
PHRENIC NERvE
The phrenic nerve originates mainly from C 4 nerve root, with additionalb ranches arising from nerve roots C 3 and C 5. The main trunk of the phrenic nerve is formed at ap oint midway between the mandible and the clavicle. The phrenic nerve contains both efferent and afferent fibers. An accessory phrenic nerve is present in 25-38% of patients. Beforeap hrenic nerve transfer is considered, diaphragmatic and pulmonary function must be assessed. If hemidiaphragmatic movement is impaired, this an absolute contraindication to phrenic neurotization. In patients who sustain as everec hest injury with multiple rib fractures, phrenic neurotization should be delayed until the fractures arew ell healed. Concomitant phrenic and intercostal neurotization in the same setting should be avoided. Phrenic neurotization is contraindicated in young infants,since infants born with diaphragmatic paralysis usually have severe respiratory complications. In the author's experience of 306 phrenic neurotization in 150 adults and one 6-yearold boy during a2-year follow-up period, none of the patients had any clinical signs or symptoms of respiratory insufficiency or postoperative respiratory complications. Postoperatively,2 7% of the patients had normal diaphragmatic movement with normal pulmonary function tests, and 73% of the patients had reduced pulmonary function. The vital capacity was reduced by an average of 9.4%. The vital capacity gradually returned to the preoperative level within 6-24 months. In the author's experience, the percentage of useful motor recovery (MRC grade III or more) after transfer of the phrenic nerve to the suprascapular,m usculocutaneous and axillary nerve was 75%, 60% and 66%, respectively.
In the author's opinion, the suprascapular nerve is thebestrecipientfor phrenic neurotization (Fig.1) . This procedurecan generally be performed without interposition nerve graft. Patients with good results obtain 70 degrees of shoulder abduction with 30 degrees of external rotation. The average time to MRC grade III motor recovery was 8months. The phrenic nerve transfers to the axillary nerve and the musculocutaneous nerve need an intermediate nerve graft. Patients with good results from phrenic to axillary neurotization obtain 70 degrees of shoulder abduction and forwardflexion, whereas patients with good results of phrenic to musculocutaneous neurotization can lift a2k gw eight to 90 degrees of flexion. The involuntary movement of the neurotized biceps muscle gradually changes to avoluntary movement after 2years (4).
INTERCOSTAl NERvE
The intercostal nerve contains approximately 3000 to 4000myelinate fibers, eachintercostal nerve carrying ad ifferent amount of motor and sensory fibers (10) . The thirdand fourth intercostal nerves contain asignificant amount of motor fiber.The method of intercostal neurotization proposed by Tsuyama and Hara (7) is the most practical method and gives the best result. In their technique, the thirda nd fourth intercostal nerves areanastomosed directly to the musculocutaneous nerve nearest to its motor point without using nerve graft. In the author's experience of 26 intercostal musculocutaneous neurotizations, 65% of the patients had good (MRC grade III or more) biceps recovery.T he average time to MRC grade III motor recovery is 12 months. The patients with the best recovery could lift aw eight of 5k gt o9 0d egrees of flexion. During the first 2y ears after the operation, biceps function synchronizes with the respiratory cycle. In the thirdp ostoperative year,v oluntary bicepscontrol is usually attained, but involuntary contraction while coughing and sneezing still persists. Sensory recovery in the musculocutaneous nerve area is also obtained. During the first 4years, sensation is perceived only in the chest. later,s ome sensation is also noted in the neurotized area. The results of intercostal nerve transfers to the other recipients aregenerally much poorer.
FIFTH TO SIxTH CERvICAl SPINAl NERvE STUMP
In incomplete brachial plexus paralysis with avulsion of roots C 6 -T 1 or C 7 -T 1 the extraforaminally ruptured C 5 ,orC 5 and C 6 roots can be used as donors for neurotization. The most frequently encountered problem with this method of intraplexal neurotization is aco-contraction of the antagonistic muscles. Another commonly encountered problem of plexoplexal neurotization is the method to determine whether the ruptured root stump is an appropriate donor. At present, the microscopic appearance of the proximal stump seems to be the most practical approach to this problem. In the author's experience of 34 plexoplexal neurotizations, 28 patientsh ave gained moret han MRC grade III motor recovery after 2years. The suc-cessfully neurotized recipients concerned the posterior cord, suprascapular nerve, musculocutaneous nerve, axillary nerve and median nerve.
CERvICAl PlExUS
According to Brunelli (15) , the cervical plexus has eight branches, four motor and four sensory.The motor branches contain an average of 4090 fibers. The sensory branches contain an average of 3250 fibers. The author's experience with three cervical plexus musculocutaneous neurotizations has been disappointing. None of the patients gained aM RC grade III motor recovery.T he combined use of motor branches of the cervical plexus and the spinal accessory nerve as donors for neurotization must be carefully planned in order to avoid the risk of denervation of the scapulothoracic muscles.
FASCIClE OF UlNAR NERvE
In 1994, Oberlin reported ah ighly successful technique using fascicles from the ulnar nerve connected to the biceps to restoree lbow flexion in C 5 -C 6 root avulsion brachial plexus injury.W eh ave used this technique to treat upper root avulsion type brachial plexus injuries in 40 patients. Twenty-four patients have been followed for moret han 2y ears. 87.5% of the patients regained M 3 or better biceps strength. The elbow flexion power ranged from 1to6kg. One patient had M 2 biceps strength after 2 years. The average M 3 recovery time was 7.1 months. Postoperatively,6patients (17%) had claw hand and weakness of grip and pinch strength which fully recovered in 13 months. Three patients had paresthesia in the ulnar nerve area but recovered gradually in 3months.
The main advantage of this procedureisrapid motor recovery because the transfer is performed close to the target muscle without any interposition nerve grafts. This procedureisvery useful for treating up- per root avulsion in patients whose time between injury and operation exceeds 6months.
In my opinion, transfer of an ulnar nerve fascicle to thenerve to the biceps is one of the reliable neurotization procedures for restoration of elbow flexion, but further study is needed to minimize the functional deficit of the donor nerve.
FASCIClES OF MEDIAN NERvE
In 2001 the author (17) , and Sungpet in 2003 (18) reported the use of fascicle from the ipsilateral median nerve to restoreb iceps function in C 5 -C 6 root avulsion brachial plexus injury. We have thus far used this technique to treat 15 patients. Tenpatients had more than 2y ears of follow up. Eighty per cent of the patients regainedM 3 or better biceps strength within an average time of 8months. Postoperatively,4patients hadt ransient paresthesiae in the median nerve distribution. One patient had MRC III weakness of flexor digitorum profundus and sublimis, flexor pollicis longus and thenar muscles with reduced sensation which gradually improved to MRC Iv within 18 months.
FASCIClES OR BRANCH FROM RADIAl NERvE
The author has used fascicles or radial nerve in the delto-pectoral area to connect to the axillary nerve via the anterior approach to restored eltoid function in C 5 -C 6 root avulsion. The success has been good and no significant donor deficits have been encountered. leechavengvongs et al. reported excellent results when using the long head of the triceps branch transfer to the axillary nerve via the posterior approach (19) .
HYPOglOSSAl NERvE
In 1999, Malessy reported the results of hypoglossal nerve transferred to the suprascapular and musculocutaneous nerve to treat brachial plexus root avulsion injuries. Only 21% of 14 patients had regained MRCIII or better motor recovery; muscle contractation could only be attained by tongue movement, and volitional control was nerve-achieved (20) .
CONTRAlATERAl SEvENTH CERvICAl NERvE ROOT
In 1991, Brunelli observed that an isolated avulsion of the C 7 nerve root produced only aminimal degree of morbidity in the affected limb. In 1986, gu first transferred the C 7 nerve root from the contralateral side to treat acomplete avulsed brachial plexus (13) . Theoretically,this surgical proceduregreatly helps to solve the problem of donor axon inadequacy,because the C 7 root contains 18 000 to 40 000 fibers. In our practice only half of the contralateral C 7 root was needed to minimize the functional deficit of the donor side. The donor hemi-C 7 stump is connected via av ascularized ulnar nerve graft taken from the affected side to the median, the radial or musculocutaneous nerve of the injured plexus (Fig. 2) . In the author's opinion, contralateral C 7 neurotization can be used in selected patients who sustain acomplete root avulsion brachial plexus injury with concomitant spinal accessory nerve, intercostal nerve, phrenic nerve and cervical plexus injury.Inthe author's experience of 72 contralateral C 7 neurotizations to the median nerve, 48 patients wereoperated as 1o procedure, and 24 patients wereo perated as 2o procedure. There were9patients in the 1o proceduregroup, who were followed for moret han 3y ears. 33% of the patients gained good motor and sensory recovery (MRC grade III and S3), and 11%ofthe patients gained fair motor and sensory recovery (MRC grade II and S2). The average time to MRC grade III motor recovery and sensory grade III recovery is 35 months. The percentage of protective sensory recovery (sensory grade II or more) in both groups of patients was 78%. Postoperatively,7 0p atients had paresthesiae in the index pulp area, median nerve area or shoulder area, and all recovered within an average of 3.75 months. Three out of 72 patients had postoperative motor weakness, 2t riceps weakness grade Iv and 1E DC weakness grade II, and triceps weakness recovered in 2months (21) .
FUNCTIONINg FREE MUSClE TRANSFER
Although it is possible to restoregood shoulder and elbow function by nerve transfer,reinnervation of the forearm musclest or estore hand function yields a much less satisfactory result. In 1995, Doi reported the use of double freemuscle transfer to restoreelbow and hand function. His proceduret akes advantage of the length of the gracilis muscle and the proximal location of its neurovascular bundle to gain early reinnervation of the transferred muscle while allowing wrist and hand function. By direct transfer of the spinal accessory nerve to the proximally attached gracilis muscle and intercostal nerve to the second muscle attached to the second rib, the patient will regain elbow,wrist and finger motion if all steps of the procedureare successful.
Doi was able to restoreg ood to excellent elbow flexion in 96% and total active motion of the fingers in 65% of morethan 300 patients (22) .
CONClUSION
The selective combination of neurotizations gives a moderate shoulder and elbow control. Although some wrist and finger movement may occasionally be achieved by the current method of neurotization, the result of restoration of useful hand function is still far from satisfactory.The use of intraplexal and contralateral plexal neurotization along with abetter understanding of central-peripheral function intergration may provide improved results and purposeful hand function for our patients in the future.
